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AIIS’1’RAC’J’. ‘1’he MSAS IMtzr Monitol  is a g~’nrric  software  product  that rcprcscnts the
ncx(-gcnuation  in real-time clata monitoring and :Innlysis  tools. It goes beyond convcn[ional
text-based displays by repre.scnting do(a in a unique,  gr:tphiral  form, c.cmveying system SMLIS
lhl”ollf$  the shape, color,  mot ion ,  ;Ind posi(ion of grdphical  objects  floating in a three -
dinwnsional  cybcrspacc  cnvironmnt.  It is ideal for monitoring high volumes of clatn, for

.,

viewing rcsul[s in easily  configurable clisplays,  and for providing both high-level ancl (Ict:iilcd
views into a constellation of monitored sti[ellites. ‘1’he l)l~ta h40nitor  offc.rs a  g r e a t
i]nprovcmcnt  over conventional gI-aphic  find text-btised displays, not only bccausc it
dramatically increases the amcmnt of da(a [hat a sinplc person can absorb in Iimitecl  time, but
Lnlso  bccausc  it CZIII  bc complc(cly  installd  ancl cc)l)flgurd without any software clcvelopmcnt
by tlm end-user. 3’lIc system also pmvidcs innovation in al:irm detection, reporting c)f both
trdition:ll  limit-based alarms  and alarms triggered by automated analysis of ckrta.

‘I-hc l)ata Monitor is the cormrstonc  of a suite of nmnitoring  and analysis tools. 1[ provides a
I)cw approach to data monitoring and visualization  t h r o u g h
fll]lctic)r):ll  itics:

a  triacl o f  intcrmlatcd

● the tt]rce-cli  t-llcllsic)rl:ll [.’yber~;rifl  e.nablcs  the user to ob(ain a cornprchen~ivc,
qu:tlitative  synopsis of all thcsdtclli(cs  in acons(cllation;

● the l)a[a h’xplorcr organims data and Clisj)lays  irl ii n]caningfu],  easily
comprehended hierarchy; and

● the. Ikla Windows provide dctailccl,  qutt]ititative  insi~ht  into specific monitomd
data.

Notification of alarm conditions is a prilnary  l’urlction  of any nmnitorins  system. MSAS
detects sc.vcral  type.s of alarms  and plovidcs a notification scheme 111:1[  is tightly intcgrntcd
with the visualization capabilitic.s.  Alrrrms arc propa~atccl through the d:ita hierarchy crcatcd
with the l);ita lixplorer, are indicated in the CyberC1 rid ad in the l)ata  Windows, ancl are
convc]licntly  loggecl  and summrimd  on a central alarm pz!gc. ‘J’his  paper dcscribcs som of
the details :Ind benefits of the MSAS monitoring aIKi analysls  suite, with primary focus on the
l)ata Morlitor.
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1. l{ASY l)lS1)l ,AY [: C) NI’IC;(J1{A”I’ION  AN1) I) A”I’A NAVIGA”J’ION
W]’]’}] ‘1’1111  I)A”l’A  I;Xl)] ,01<1{1<

“1’hc  l)at;i l;xplacr  is USed to organize daIa into at] emi]y pcrusab]e  arrangement of displays
Ihilt  ;Iccomtncd:ltc  thollsflds  of monitored p:ir[]nleters.  ‘J’he displays arc specified as data
hierarchy that can bc flat or (imp, clcpcrlding  011 individual or team p[-cfcrenccs.  I’hc I):I[;I
IIxplorcr is used tc) specify, modify, amcss,  aIld IInvig:]tc  through a hierarchy and to SC.lCC(
from the various availab]c  views of the d:IIa.

“1’bc l)ata }hxplorcr  relics on a  “ f i l e - f o l d e r ” j)aradig,m fOI- the spec i f i ca t ion  o f  dat;i
col]cctions. MCI)LI options al]ow the user to crcmt(’, Mm, moclify,  aIId dckte folders.  [)ncc :i
folder is crca(d, additional Iowcr-kvcl folders C: III bc included  within that folder to further
sl]l)-c;](t:g,c)li~.c  [he data, At the lowest ICVCI of the Ilierarchy,  (bc dat:l  assip,ncd to c[~cb folder
IIIIIS[ b~ i]llociitd  [O (Iil[:i  window’s sllch {IS plots, tiil)lc,s,  scl]cma(ics,  g: IdgcIs  ((lials,  giIIIgCS  ~tc. ),
or flee-forlll rcpor(s.  l)atd witldows cat) :11s0 bc inserted at hi~her  Icvcls in the hieral”chy.  ‘1’hc
assigrlmcn(  Of individual pardlucters  (o dill~l  windows is also done wi(ll  the l)iitii  ljxplo[-er,

1 C( us look at the I)ata Iixplorer,  shown it) l;ig,urc  1, ‘1’hc  left side of the widow shows the
exis(it)g hierarchy. When bcginnin~  for the first  time, tbc root folder (a~ the. highest level)  is
ll;llllcd  “l<[)ot”. The rod foldcl corresponds to lhc sys(cm (or constellation of satc]lilcs)
bcif~g monitored. 1 ,owcr-level folders catc.gori7c  data according to inclividuat  or t e a m
prclcrcl)ccx.  ~’ypically  t h e  se.cond-lewl folders correspond to iudiviclual  satellites, with
subsystems or other (Ia(a groupings as optional lowTcI  levels. l;olclcrs  can be Opened or closd,
Ilidillfl  o r  showinc ottlcr fo]dcrs or (I{i(il  windows that  hilVe bcxi) smcifie.cl  wi(hin. a t  lower
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‘1’t)c  lip,h(  siclc of the l)ata llxplorer  w i n d o w  sl]olvs  the col]cction  of cla(a
been spccificcl  for the folder  tha( is mouse-selected 011 the lcf[ side of the
usccl to identify t}lc  type of data winclow. ‘Ilc file and winclow options
pmvic]c  the intcrfacc fo] crcatino~, modifying, aIIcl deleting folders and data

windows that have
window. lCOIIS  arc
OII the menu bar

winclows.



2. [[)Ml)l<lilI  1; NSIV1; SYNOI)’I’lC VISIJAI,lZA’1’ION
W1’1’11  ‘1’111{  cYlllil<G1/11)

‘J’lM~ Cybc.Kirid cmvcys  massive quantities of information using tlw con) bination 01 color,
sbapc, motion, atld position as a novc] al(erll:l(ivc  to the convcntionnl  text-based approach.
“Ilousamls c)f data l)ardmclcrs  from multiple sntc]li(es  cm [w eas i ly  :Iccc]llltllocl:l[ecl  of] a
single itltui[ive  ciisplay,  pmvidit~~j  an cffcctivc :Incl  complc[e  hi.gh-lcvc] synopsis, Al:irIH  st:[tcs
dre qudiitativcly  replcscntc.(i  using posit ior] at)(i nmticm irl acidition  (0 tllc s[allciard  v i s u a l
in form: ttion coIlvcye.Ci with color. lmwcr-lcve] dc(ailcd  information is available vid point  -rind-
click with Ihc mouse.

3. CY131;RGR11)  CONlilGURArJ’lON W1’I’11  ‘1’llli  I)AI’A I{XI)I  ,01<};1<

‘1’ilct(’ are H variety of s trategies for  I:iying  out custom collfigllt:](ic)lls  of tlw grid, all
bcginllins  with the spccificatiot]  of row and column  groupings. For cor~s(cliation  monitoring,
the tows wouici  typically be labclc.d with missiot]  ndnm, aII(i the columns with subsystcm
tlntl~cs  aml/or  otbcr  sLlt>c[itcgori?:itiol]s  of d:lta. A cottfiguralion  uscxi for a satellite is showil  in
l;igurc.  2. A scconci  configuration shc)wn il] l’igurc .‘3 shows  a hcaith and status  m o n i t o r i e s
conccpl dcvclopcci  for ail-port radars and other instruments. II) single mission clisplay,  the
Cytmfirici  rows correspon[i  to spacccrtlft  subsystctns  or opcmtions  teams and the colutnt]s  to
sub-g mupil)gs  within the subsystc.ms.



‘1’llc l)ata 1 :xp]orer  provides (}1c  means to con fixurc t h e  gricl laycmt  and to assign data
puramc[ers  to the various groLlpings that {Ire  specified. ‘J’hc top level of foldem specified in
lhc 1 )ata }ixplorcr  correspond to the row labels  of the fg id. “J’hc next lCVC1  o f  folders
corrcspot~ds to the columIl hcxdings.  ‘1’hc dat:t  pat amctcrs contained at various levels below
the. collltllll-tle[i(iillg  folder are repre.scntecl  graphically within the CybcxGrid square that is
uniquely idcntifid  by its row and column names. 1 liich of the data p:irametm  will appear in
llIc  Stid squnm as :1 gc.ometric  object (square, lria[!~,le  01- diamond, dcpcncling on the type of
para[nctcl). “]’hc objects will change color and posltioll  to indicate. changes ill the status of the
monitored systcm.

4. VISUA1. 3-1) I< I; I)l<I;S1lN’l’A”l’lC)N  01’ l) ArI’A

‘1’hc visun]  rcpresentatic)n  of a paratllclcf  is w.fcrlrd  to as a data object. II] the :ibscme of
;Ilarln  cmditions,  data objects will nomina l ly  bc gmy or wtlitc  ill color, indicating the
tcspcclivc ahsencc or prcsencc  of rccel)t (iata (ranstllissions  associ:ltd  with a pammc[cr.

‘1’hc ident i ty  of an individLlal  data o[~jcct  call bc ob(aind wit}] n ri~llt  mcmsc-click  on t h e
objmt, which causes the object to b]-ie.fly turn gICCII ilr](l  (Iisp]ay its parameter  II) and currctlt
value. Access to all the detailed tnbtllar  and graphical data corresponding to any of the grid
squares is obtained with a left mouse-click ill the p,rid squ:irc, which procluce.  s ail of the dnt:i
wil~dows that have be.cn configLlrd for the paramctr.is  in that square.
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A middle-click c)n a row-name or grid square mmovcs all nomin:ll  data in thnt row or sc]uarc
froth vic.w;  displaying excc.ptions  to nominal  opc[alions only. When the clisplay of nonlina]
data II:IS bum rcmovtxl, the grid squnw is oLttlirml  with a blue border as a visu:i] reminder. A
subsequent micicl]c-click  causes ttlc nomina] d:ila  10 rcappc:(r :ind simul[ancousty removes the
bluo border. Removing (or hiding) the nominal  data from view’  Icduct’s  the dcns]ty of ol~jects
s] Iow II on [he disp]ay and better foc Ltses  operator :tttcnlion on those data puranletcrs  that nrc
exhibiting anomtilous  behavior. h i d i n g  Ihc IIomina]  dnta in e a c h  g r i d Square is
I’CCC)IIII)lC:IICIC(I, in order to achicvc  tl]c  increased operational simplicity afforded by
t:xce.jlliotl-l):isecl  nlonitoJing.

All the datti  values associated with all monitored patamctcrs  are normalimd  for display
bctwccn  the ilomin:tl  fyid :ind the Llpperg  lid. ~llis  elitllina(cs  the need to know the utiits  and
limit values :issociatml  with tirly monitored p;il:illlctcr  in orde.i to m:ike  qualit~itive  st:itus
:Messmcnts :ibout  the. severity of alarms. Nolll~;~liz,:iti(~ll  is rcx]uimd to  accommoda te
jxlriltncmrs  with widely varying prcdcfi]~ed nomitlal  v:ilues or with different units of mctistlrc.
1:o1 cx:itnplc, the objects  of  l)at:t l’:lriin]ctcr  A aild l):ita  l’:ir:ittlctcr  11 ciin  (:IIId should)  l ie
within tlw s:Imc  grid evcm tho LISh p~ir;imcter  A’s ]]omin:il range is bctwccn 2.()()() to 75.500
w:itts  and p:ir:imctm B has a nomina]  range tmtweel)  500” to 600 mini-amps.

5. NAV]GA”l’lC)N AN]) Al ,’]’l~,}<NA-I’li  VlliWS

‘1’hc CybcrGrid allows the user to manipillale  tlic vicwpoiilt  of the display. Them arc 6
dcgre.cs of freedom available in moving w’i(hin tllc CyberGrid environment; the viewpoint
ln:ly  be tmnslatcd  in 3 ctitlmnsions  along tllc X, Y, al]d Y, axes, and oriented in 3 dimensions
(rolled, pitched, ~lld  yilWCd).  ‘1’hc  CybeKirid offers 1() Snvnb]c viewpoints. “1’hrec of these arc
~)tc-collfiglll-c(i, the rclnaindcr tire ust’r-defined,

Mouse button combintitions  and mouse positio]l  de.tcl-mine the type of movement (piili, mot]),
lli Lch, y:iw, rolt). Ijocatioll  Otl the scrccl~  dctcrll)illes  the direction of ttie move.mcnt. l:or
example, pressing the snme. bLltton on the upper  half of the scrccn pat}s  tlic vic.wpoint  up, but

pl-cssing  Itlcs:itllct>lllt(>ll  in the lowcrh:i]f  p:ins  the viewpoint down. ‘J’hc distance bctwccn the
scrc.cl)  center and the cursor dcte.mlil~cs  tllc slmcci of the motion. ‘1’hc farther the cursot-  is
from [tic cc.lltcr,  [t]e faster the viewpoint moves.

6.  l)lirl’All,IH  )INF’Ol{MArl’IONO  Nl)Jlh4ANl)V  IA
VARIOLJS ‘l’Yl)liS  01~ 1 )Arl’A WINI )OWS

‘1’hc l)ata Monitor cutrcntly  11:1s  six tylms of data windows, inctilding  two types of t:ibles,
schetll:i[ic  di:igrams,  free-forill rcporls,  ~,owlgct co][cctiolls  (gatlgcs, thcrmomtcrs,  etc.), and X-
Yplots  showittg data vs. cl:it:i  or cl:ita vs. tiinc. l)at:l  Wiridows  arc crcti(cci  with menu opt ions
cont;linc.d  ir~ the l)at:i  }ixplorcr. Ot]cc c]catcd,  d:it:i  wi[ldows  c:in  bc lnoclificd,  r e c o n f i g u r e d ,
:Ind customized in numcmus w:iys.  Collections of dat:t  windows c:in bc s:ived  ;is rctricvab]c
con figur;ltions.  Subseqilently each of (I]c windows in [i configuration ciltl  be recalled  on thr
Scl”ec,n, along with the varicms customimtions to  the .  wilidows.  };igure 4 s h o w s  ii sm:ill
collection of d:ita windows, including two types c)f tables, a plot, and ii schematic.

All thcdata windows  associ:itcd  with agivcm CybcnGlid grid square or datii  parameter can be
simult:ine. ously accessed with a mouse-c]ick in the. squ:irc.  Alternatively, the clat:i  windows can
bc individually acccsscd from the. l):ila ]lxplorcr. ‘1’hc user will routinc]y  access dat:i  windows
ili both ways, its detmnincd  by the circi]mstarlccs  silllolindit~g  the nmd for access.

l~orllt>wl)  :itilMI Jt~itc)rLiscrs,  it is c[1ou:I1 to bc :iw:irc  th:it  the varioits  types of da(ii winrlows
exist :Ind that  they call bc cxtcnsivc]y  ctlstc)lnimd.  “1’lic first steps irl con figilring  a monitoring
systc.  m  shou ld  be focmwxl on organizing the d:ita irlto a co[lll~lcl~~cr~t:t[-y hicrnrctty  :ind g]id
:illoc:itic)n.  When ttlc opcr:ttor  is satisfied with tt]c  I)igtl-1cvc.1  Org:i[lizalion  afforded by these
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tools, it will then bc time to concentrate OH the individu:i]  data windows al]d customiw
dcl:iilcd  views of the d:ita.

6.1 RI;}) l<liSI;N”I’ArI’loN  01: Al ,ARMS IN ‘1’111[  CYIII:I<G1<I1)
ANI) ‘1’llli  I) A’1’A I; X1) IOI<I+X

After the operator  has specified the disl>lavs.  the l)at~l  Monitor is redv to be USCC1 for its. . . .
ultitlmle purpose: to mo;itor  the data :ind notify appropriate
require the operator’s :itte.ntion.

~~ ] ,] M] ’J’ VI()] ,A”J’JONS

‘1’hc first type of alarm that is detected  by the ]Xit:i h40nitor is
will occilt- when one of the following conditions exits:

,
indivicluzils  of conditions that

the limit  al:irm.  A limit alarnl

● A H :inalog  viilile  falls oiltsidc  of its predcfined  nomitla]  r;lr~~e,
● ‘1’hc  bit state of a st:itiis  (discrete) clata p:lr:imcter  C1OCS i)ot correspond

to a predefinccl  state, or
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‘]’hc ])ata Monitor dclccts and notifies at)~l]ysts  of three Icvcls of limit violation alarms. IJrom
lc:ist  (o mosl  scvcrc.,  these are the lidvisory, W:tlrlitlg,  and criticdi  alarm Icvcls. W h e n  I)il(a
Monitor CICICC(S limit alarm violations associa[ecl  with any of (he moni(orcd  clnta ptiramcters,
(hc corrcspon(ling  data objects in tbe CybcrGrid  will change from whik  to blue, yellow, or
rcd to indicate aclvisory,  W:lrning, or cl-itical alarms 1~’spcctivcly.

6.3 R}iAl,-”1’lh41i  ‘1’I<I;NI)  ANAI,YSIS

It] :idditiol~ to the. standard  limit alarlns, MSAS offers two diffcrcn[ algorithms for dctcctins
tr~t)d alarlns.  One. is basecl  on the r:ite at which a Imr:imcter  vatuc  ch[ingcs  over tin~c: if the
rdtc of cbnl)gc  of a parammr  cxceecls  sonlr  prcdrfitled Iitllit ovor a spc.cificd  period of tilm,
ttlcn tllc parameter triggers a trcncl alartll. “1’hc other olgorithm  is based on the continuill
incrcasc  or dccrcmc  of a p;lramc[cr  va lue  OVCI- a givcl) period of time: if the valur of 11
p:iramcte.r  is constan[]y  incre:lsing  or decrc:lsing (iill ing a user-specified time interv:ii.  then  d

ttcnd  djaI-In  wiil  occur.

111 holh of these Cases, the gmphicaj  ot)jcc(  associatd  witj)  the pnrar])etcr  wiil spin for a less
scvcrc or watning-level  trend al:irm.  I/or more sc\cre  01 crilicill  trend alarlns, the Crt)ject  will
flash. If the objec[ is :Ilrcady in a limit-btiscci  ai:IIII~  state, [hen the color of the object rcm;iins
the same m for the existing limit alarm. (Xhcrwise,  tllc ot>jcct  turns from while  to brown, “Ibis
USC of coior,  sp inn ing , and f l a s h i n g  aljows  tllc  un:itllbigLlotls displuy o f  ail jwssibjc
colnbinations of jimit and trcr)d alarm.

6,4 VISIIAI , 1NI)ICA’1’1ON OF Al ARM S’1’A’J’lJS ANI) S1\Vl[l<l’I’Y

Sil])ult:lncous  with the color ar)(] molion ch:ingcs,  obiects  in alolm rise above tbc. white gricl to
a height proportional to the severity of the :Iiarlll.  ‘J’he  upper grid i]ldicates the most severe
condition  is rc]cvant  for a giver) paranmtcr,  Iypic:iljy  associated with the point beyond  which
irrcversib]c  clamagc  has occurred. ‘1’hc hcig, h( of the objmts be.twecn tile two grids is based on
[lc)rill:lli~,:ltioll  of cacti  data parameter bctwce.n  thr ccntcr of its nominal range and the fin:lj
iijillt~~  ccijing.  When the. data parameter ol).jcc[ vtiluc cxcccds  the flight approved elror  linlit,
t h e  ot>jcct  r e m a i n s  rcd arid r i se s  on its po]c  to  the leve l  o f  the green ce i l i ng .  ‘1’he
uorrcsjmnding  sc]uarc in the upj>cr  grid wiil then turn fI-om green to rd.

‘ihc Ajllrms column is tj]c  first colutni]  in tl]c. glid arid is the only coiumn  that is not spccificd
I)y tile user in the ])ata }~xplore.r. ‘1’his  column provides a visual  repmcntatio[]  of the ovcr211
ili:lrl~]  s(at~ls.  An altcm ate. view is provicicd hy a tabuiar  nlal-tm ptigc,  that can bc accessed from
tj]c n)aiu wil)dow of the, I)ata Motlitor  or by ciickillg on a data object in the Alnrms  column,

‘i’i)csc views arc related. Whm ttlc user acknowledge.s the alnlms ill the l)uta Monitor Mait)
Wincio\v,  the ot)jccts  in the Alarms cc)luml] of the. CybcrGrici  are cje.ie.tecl.  When ii channel goes
out of ainrm before it is ackl)owlcdge(l,  the. data ot]lcct  in the Alarms  column wiil  turn white.
It wijj r emain  in tj)e  a la rm’s  column  untij ttlc nc;t  :lcki)o\vlcclgtl)  ctlt.  ‘1’j]is  schcmc  cn:ib]es
ojmr;ltors  and ar]a]ysts  to be away from the monitoring systcln, ar)cl t o  be  immcdiatciy
ill forlllcd of aii new a]arll)s upon K.tllrl). A simp]e  ;lck[lo~il]cc]glllcllt  of a]arln sta[us  p r io r  to
(icpartut e clears the CytmrGr-i(l  Alarlns column; subscqucrlt]y  occurrirlg  alarms  wili  bc
collcctcd in the Alarms column until  the next ackllc)~vlc(lgr~lcl]t.

Alartn information is also proj)ngatd  tjllougb  tl]c  hierarchy in the cjata exp]orcr.  A data
win(jow  containing  a  p a r a m e t e r  i n  ajarm wi]j (LI]II blllc.,  yc]]ow, or recj cjcpc]]dillg  011 tjl~
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severity of the :ilarm,  liach folcicr above [hn[ d:lt:l  window in the hierarchy will also [urn the
color of the alarm. Where multiple parameters in :1 single path in (k hierarchy arc in alarm,
IIlc color cmrrcsponcling  [0 the most scvert> alarm donlinalcs. Thus, no mat[er what the cumnt
view ill tllc data explortr  and regardless of whict] folders are open :Ind which foldcts are
CIOSUI,  alarm in fornldtion  is collllllllriic~itcci  lltl:il[l[~i~llc)lisly  and in a w a y  t h a t  c:(nnot  bc
Ovc.r  looked.

7. () ’IIIFX “I’OO1, S IN “l’JII; N4SAS AI) I’l,l(:A-I’ION  SUI’1’}:

h4SAS consists of a suite.  of applications that  supporl  configuration of a total monitor  in,s,
sys tem.  ‘1’hc ])ata Access n)od Li[c provides the illtcrftlcc  to the ;ICILI:II dat:]. I)o[a Access 1s
contro]lcd  viii  (I]c I)ata Monitor .  “1’he l):lt:i I[di[ol  applic:ition  displays,  f i l ters ,  and (when
ncccss;try)  enables cl;ita files to be cditccl.  l)at;i  call  bc acccsscd  atld suvrd ill film using  the
IJtlt:l  Access moclulc  and then loacled into (he l)at:i  Mor]itor for a non real-time session [is ;I[t
:Ifter-the-fact quick analysis irllernativc  to constall(  tnonitorin~  in real-time.

‘1’hc Al:Irm 1.in)i(  lklitor is used to specify, view, al)d/or edit  alarm limits, ‘1’hc I)nt:i  l)ic[ionary
llditor is used for spccifyitlg  :Ind Viewitlg  chnnnel de f in i t i ons  th:lt  arc rclcvanl  in :1 given
lnotlitoririg  scenario. lJse of the Alarm 1,imit Iiditor  ar)cl the lhta I)iction:(ry  lk]itor as actual
editors cm bc restricted to authorimd itldividuals  only.

‘1’hc “1’~lsk SChCdlllCI’  proviclcs  il means  f o r  schcd[lling  illl[Olll[ltC(l  data  :ICCKSS  and  f o r  piping
retrieve.d d;~tn  to the l)ata Monitor for automzrted  detection and ]lotification  of al:lrms,  or for
schcdulil)g  automated an:llysis  or report gcllClilli  OJl,

s .  SUM N4AI<Y

‘1’hc MSAS clat:l mprcscntation has bee[} drsigtwd to climin~~tc,  the need for analysts to read
lc. xt for the pLIr’pcm of obtairling  cc)mp]ctc status illforillation.  ‘]’hc systcm enables an intuitive
understa[]ding  of spacecraft health that goes WCII txyoll(i  the knowledge (hilt  “nothing is
currently irl alarm. ” Such a representation h:(s a nl]nlbcr of advzir}tag,es:

● significant cost savir)gs irl hat-d ware, n~air]tt:r]ar~ce,  tr:lirlirl~,  nrld pcrsor]rlcl  are
achievable.

● sof[warc  devc.lopmcnt  is no longer recluirtxi  m till cssc. nti; (l step irl Corlfigurillg  or

●

●

●

●

nmintaining  a h;~hly  effective ;lorlitc~rin~,  system

:lrlilly  StS bccc)mc aware c)f problcl)l  situalior)s bcfow actual  alarms  occur without
mc.ding to manually assess collected Irctld clata

grmtcr  irlform:ltioo  is provided in considcr:ib]y  less scrccrl rcnl-cslatc

opc.mticms  diffc.rermx  bctwwen nor~-idcrl[icill  spacecraft :im ~rlti]]~itt~ly  minim izec!
throllgl]  dato abstlactiorl

sirlce  the human brain  IHIS developed ;~ hi~,ll de.grcc  of skill at recog,niz,ing spatial
pdttcrrls,  complex data Iclatiollships  arc rl}ore readily apparerlt ir] ir ViSllill-Sp(ltiiil
displ:ly  as opposed to a text display


